In the present prospective study, five blood tests for detection of human cytomegalovirus (HCMV), nucleic acid sequence-based amplification (NASBA) for detection of early (immediate-early antigen) and late (pp67) mRNA, PCR for detection of HCMV DNA (DNA PCR), culture, and pp65 antigenemia assay, and culture and DNA PCR of urine and throat swab specimens were compared for their abilities to predict the development of disease caused by HCMV (HCMV disease). Of 101 human immunodeficiency virus (HIV)-infected patients with <100 CD4 ؉ lymphocytes per mm 3 , 25 patients developed HCMV disease. The pp65 antigenemia assay (sensitivity, 50%; specificity, 89%) and DNA PCR of blood (sensitivity, 69%; specificity, 75%) were most accurate in predicting the development of HCMV disease within the next 12 months. Both blood culture and late pp67 mRNA NASBA had high specificities (91 and 90%, respectively) but low sensitivities (25 and 13%, respectively). The sensitivities of urine culture, DNA PCR, throat swab specimen culture, DNA PCR, and NASBA of blood for detection of the immediate-early antigen were 73, 87, 53, 67, and 63%, respectively, and the specificities were 58, 46, 76, 60, and 72%, respectively. The positive predictive values of all tests however, were low and did not exceed 50%. In conclusion, virological screening by these qualitative assays for detection of HCMV is of limited value for prediction of the development of HCMV disease in HIV-infected patients.
Human cytomegalovirus (HCMV) is a common opportunistic pathogen in patients infected with the human immunodeficiency virus (HIV) and is responsible for serious morbidity, especially retinitis, in 25 to 30% of patients with low CD4 lymphocyte counts (11, 13, 22, 26) . Since the introduction of highly active antiretroviral therapy (HAART), the incidence of disease caused by HCMV (HCMV disease) has declined (17) . However, as sustained success of HAART fails for a significant proportion of patients, one might expect patients to continue to be at risk for HCMV disease. The identification of those patients is important, since prophylactic or preemptive therapy with oral ganciclovir or valaciclovir reduces the risk of development of HCMV disease (16, 28) . Because of the toxicity and high costs of such treatment for all patients with low CD4 lymphocyte counts, it is important to identify additional risk factors for HCMV disease. HCMV viremia can be detected by PCR for detection of HCMV DNA (DNA PCR) (6, 9, 18, 27, 29) , pp65 antigenemia assay (12, 21, 23) , and conventional culture or by the more rapid shell vial method. Both DNA PCR and the pp65 antigenemia assay are considered sensitive tests with high predictive values for HCMV disease, especially when large numbers of DNA copies (6, 27, 29) or pp65 antigen-bearing leukocytes (12, 23) are present, while blood cultures for HCMV appear to be of less value (9, 20, 21, 27) . Strategies for prophylaxis or preemptive therapy for HCMV disease on the basis of results of quantitative PCR for detection of HCMV DNA have recently been proposed but require further investigation to confirm their benefit in terms of efficacy, convenience, and cost (4, 6, 7, 27, 29) .
Although qualitative PCR of blood specimen DNA is a sensitive technique, it does not necessarily correlate with active HCMV infection, since latently present viral DNA or incomplete viral genomes may be amplified (25, 30) . The detection of HCMV late mRNA in peripheral blood leukocytes may improve the ability to identify patients at risk for the development of HCMV disease as it directly reflects viral transcriptional activity (1) . In a study with bone marrow recipients, detection of HCMV late mRNA by reverse transcriptase (RT) PCR (RT-PCR) was more predictive of the onset of HCMV diseaserelated symptoms than PCR for detection of HCMV DNA (15) . Furthermore, in a study with 102 HIV-infected individuals, detection of late mRNA by RT-PCR was more specific, although it was less sensitive, than DNA PCR for the diagnosis of acute HCMV disease (14) . Recently, a method for the detection of mRNA by nucleic acid sequence-based amplification (NASBA) was developed. In contrast to RT-PCR, NASBA allows direct isothermal amplification of specific sequences of single-stranded RNA (8) . Screening for late pp67 mRNA by NASBA proved to be a sensitive technique for the detection of HCMV infection in renal transplant patients and highly predictive of the development of HCMV disease (3) .
In the prospective study described here, the prognostic value of monitoring of HCMV mRNA for the immediate-early antigen (IEA) and mRNA for the late pp67 antigen by NASBA for the development of HCMV disease was investigated. The results were compared with those of culture and DNA PCR of blood, urine, and throat swab specimens and a pp65-antigenemia assay with blood from 101 HIV-infected patients considered to be at risk for the development of HCMV disease on the basis of CD4 lymphocyte counts of Յ100/mm 3 .
MATERIALS AND METHODS
Patients. Between March 1993 and November 1996, HIV-infected patients from the AIDS Clinic of the Slotervaart Hospital in Amsterdam, The Netherlands, with CD4 lymphocyte counts of Յ100/mm 3 were asked to participate in this study. All participating patients gave written informed consent. Patients with a history of prior HCMV disease were included, provided that they had not received medication for HCMV disease within 3 months prior to study entry. All participants underwent a complete physical examination, were seen by an ophthalmologist with experience in HIV disease, and had a chest X-ray taken to rule out active HCMV disease at study entry. All patients already had or were offered prophylactic treatment for Pneumocystis carinii pneumonia and treatment for HIV infection. The treating physicians, including the ophthalmologists, were not informed of the test results for any patient during follow-up.
Diagnosis of HCMV disease. Patients were considered to have HCMV retinitis if retinal damage typically caused by HCMV was seen upon examination of the retina through a dilated pupil (19) . Gastrointestinal disease, including esophagitis, colitis, and cholangitis, was confirmed by endoscopy and histological examination of biopsy specimens with detection of one or more inclusion bodies and/or by immunohistochemical detection of HCMV antigens. Radiculomyelitis was diagnosed on the basis of typical findings upon medical history and physical examination together with detection of HCMV by DNA PCR of cerebrospinal fluid and recovery after treatment for HCMV infection. In addition, other findings that could possibly explain the illness were excluded. HCMV-related adrenalitis was diagnosed whenever the medical history and physical examination were suggestive of adrenal insufficiency, as confirmed by typical laboratory abnormalities and recovery after treatment for HCMV infection.
Collection of samples. At the start of the study and at each follow-up visit, scheduled every 2 to 3 months, whole blood (10 ml of heparinized blood and 10 ml of EDTA-anticoagulated blood), freshly donated urine, and a throat swab specimen (which was placed in viral culture medium) were collected and were immediately processed for culture, pp65 antigenemia assay, and qualitative DNA PCR.
One milliliter of the whole-blood specimen was added to 9 ml of lysis buffer (4.7 M guanidinium thiocyanate, 46 mM Tris [pH 6.4], 20 mM EDTA, 1.2% [wt/vol] Triton X-100) and was stored at Ϫ70°C until assayed for IEA mRNA and late pp67 mRNA by NASBA.
HCMV cultures. For the detection of infectious HCMV, two conventional cell culture protocols were performed as described below. In brief, the buffy coat of heparinized whole blood was obtained by centrifugation (at 120 ϫ g for 10 min). The leukocytes were then separated by adding 9 ml of 0.85% (wt/vol) NH 4 Cl (pH 7.4; prepared in house) to the buffy coat and were incubated for 5 min at 4°C to rupture the remaining erythrocytes. After centrifugation (at 400 ϫ g for 5 min) and three washings of the cell pellet with 10 ml of phosphate-buffered saline (PBS), the whole leukocyte suspension was resuspended in 3 ml of Earl's HEPES with 10% fetal bovine serum (EH-10%; Life Technology, Paisley, United Kingdom). For the detection of infectious HCMV, human embryonic lung (HEL) fibroblasts (provided by the Department of Virology of the Academic Medical Center, Amsterdam, The Netherlands) that had been grown for 5 to 10 days in glass tubes and plastic 24-well plates (Costar, Badhoevedorp, The Netherlands) were used. Aliquots of 0.2 ml of the 3-ml leukocyte suspension were inoculated into two tubes and wells (two by two) of the 24-well plate. Inoculated HEL fibroblasts were maintained in EH-2% at 37°C and were observed weekly for a period of 6 weeks for the appearance of cytopathic effects typical of those of replicating HCMV.
In a separate rapid shell vial culture, in duplicate, HCMV-specific antigens were detected 24 to 48 h and 5 to 7 days after inoculation by indirect immunofluorescence staining. Cultures were fixed with methanol-acetone solution (1:1 [vol/vol]) for 20 min at Ϫ20°C. Monoclonal antibody E13 (dilution, 1:1,000; Biosoft, Paris, France), which is directed against the HCMV IEA, was added for 60 min at 37°C. Subsequent incubation with fluorescein isothiocyanate-conjugated goat anti-mouse immunoglobulin antibody (dilution, 1:1,000; Biosoft) for 60 min at 37°C yielded fluorescence of the nuclei of infected cells. Cultures were read with a Zeiss fluorescent inverted microscope at ϫ100 magnification. For the detection of infectious HCMV in urine and throat swab specimens, essentially the same methods described above were used. In brief, urine samples were mixed with EH-10% (1:1 [vol/vol]), whereas throat swab specimens were mixed with a virus transport medium and were subsequently added to HEL fibroblasts as described above.
The blood culture result was considered positive if HCMV was detectable by one or both culture procedures and was negative if HCMV was not detectable by both procedures. PCR for HCMV DNA detection. DNA was extracted from patient materials by guanidinium thiocyanate lysis, binding to silica particles, and washing and elution with 100 l of Tris-EDTA buffer as described by Boom et al. (5) . For the blood PCR for HCMV DNA detection, DNA was extracted from 100 l of whole blood. The PCR was performed with 10 l of the extracted DNA with primers that are specific for the fourth exon of the immediate-early gene of HCMV (primer 1, 5Ј-GAGCCTTTCGAGGAGATGAA-3Ј; primer 2, 5Ј-GAAGGCTG AGTTCTTGGTAA-3Ј). After amplification, the PCR products were analyzed on a 2% agarose gel and were subsequently transferred to a nitrocellulose membrane (Amersham, Rainham, United Kingdom). The blots were hybridized with a digoxigenin-labelled internal 40-bp probe (5Ј-CTAACTATGCAGAGCA TGTATGAGAACTACATTGTACCTG-3Ј). Hybrids were visualized with a digoxigenin nucleic acid detection kit (Boehringer Mannheim). With our primers, which were located in the immediate-early gene, the analytic sensitivity of the PCR for HCMV DNA detection was measured to be 20 to 50 DNA molecules.
pp65 antigenemia assay. The pp65 antigen was detected immunocytochemically, essentially as described by Van der Bij et al. (31) , with a few modifications. In brief, the leukocytes were isolated from 10 ml of EDTA-anticoagulated blood by centrifugation as described above within 8 h of collection. The total cell pellet was fixed (10 min at room temperature) in 2% paraformaldehyde (818 715.0100; Merck, Darmstadt, Germany). After centrifugation (at 400 ϫ g for 5 min) and three washings of the cell pellet with PBS-1% bovine serum albumin (BSA; Boseral 20 T, Organon Teknika, Boxtel, The Netherlands), the whole leukocyte suspension was resuspended in PBS-1% BSA to give a final cell density comparable to that of a McFarland no. 3 standard (2 ϫ 10 6 leukocytes/ml). A volume of 0.1 ml of the cell suspension was used for each of four cytospin slides. The cytospin slides were stored directly at Ϫ70°C until staining. Before staining, the slides (two per patient; one as a control and one for testing) were fixed in cold acetone for 15 min directly from the Ϫ70°C freezer. Subsequently, the slides were incubated for 30 min with anti-pp65 monoclonal mouse antibody (C10/C11; dilution, 1:25; Biotest, Dreieich, Germany), and the control samples were incubated with PBS. For immunoenzymatic staining of those cell components to which the mouse anti-pp65 monoclonal antibody specifically binds, the alkaline phosphatase-anti-alkaline phosphatase method was used according to the protocol of the manufacturer (ClonabCMV; Biotest).
The quantification of pp65 antigen-bearing cells was achieved under a light microscope by counting the number of positively stained leukocytes and the total number of leukocytes per slide by using an eyepiece with a counting grid. The results were given as the total number of positive leukocytes/total number of leukocytes ϫ 10 5 , which is equal to the number of positive leukocytes/10 5 leukocytes.
NASBA for IEA mRNA and pp67 mRNA. For the analysis by NASBA, 1 ml of the lysed whole-blood suspension, which equals 100 l of the whole-blood input sample at 100:1, was used. Processing of blood specimens for isolation of HCMV IEA and late (pp67) mRNA and monitoring of the expression of these mRNAs by NASBA (Organon Teknika) were done as recently described by Blok et al. (2, 3) . The primers CMV IEA-1.5 (T7 primer [sequence, 5Ј-AATTCTAATACGACTCAC TATAGGGAGACTTAATACAAGCCATCCACA-3Ј; the T7 promoter sequence is depicted in small capital letter]) and CMV 2.3 (primer 2; sequence, 5Ј-TAGAT AAGGTTCATGAGCCT-3Ј) were designed to amplify part of the mRNA encoding IEA. For the amplification of part of the mRNA encoding pp67, primers CMVpp67-1.2 and CMVpp67-2.4, which have been described before (3), were used. The NASBA reactions were carried out as described by Blok et al. (3) . After the NASBA reaction, the amplification products were analyzed by an enzyme-linked gel assay, as described by Van der Vliet et al. (32) , with the use of a specific horseradish peroxidase 5Ј-labelled oligonucleotide probe (CMV IEA HRP1; sequence, 5Ј-HRP-GAGGATAAGCGGGAGATGTGGATGGC-3Ј) for NASBA of IEA mRNA. Electrochemiluminescence-based detection was used for the NASBA of pp67 mRNA (3). The analytical sensitivities of the NASBAs for IEA mRNA and pp67 mRNA detection were about 10 to 100 RNA molecules.
Statistical analysis. For each test the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were determined, by using standard formulas, by comparing the test results for patients who developed HCMV disease with those for patients who did not. Relative risks and likelihood ratios (sensitivity/1 Ϫ specificity) were calculated with 95% confidence intervals (CIs). Initially, the sensitivity, specificity, PPV, NPV, relative risk, and likelihood ratio for the development of HCMV disease within 12 months were determined for each test on the basis of the first available test result for all patients. As the pp65 antigenemia assay provides a quantitative result, the cutoff value for a positive pp65 antigenemia test result was determined by constructing a receiveroperating characteristic curve. By using such an analysis, the cutoff value with the highest combination of sensitivity and specificity can be distinguished. The value of repeat testing for the identification of patients who develop HCMV disease was determined by dividing the patients into those who had never had a positive test result and those with a positive test result on at least one occasion during follow-up. Relative risk, likelihood ratio, sensitivity, specificity, PPV, and NPV were again determined for each test.
RESULTS
Characteristics of the study population. A total of 116 patients entered the study. Of these patients, 15 were excluded from further analysis; 1 had received maintenance treatment for HCMV-related meningoencephalitis within 3 months prior to study entry and 14 were diagnosed with HCMV disease at the time of inclusion.
The demographic characteristics of the remaining 101 patients are shown in Table 1 . Ten patients (9.9%) were HCMV immunoglobulin G antibody negative. None of these patients had received HCMV treatment at any time prior to study entry, and no patient had a history of previous HCMV disease. Two patients were on HAART at the time of study entry, and another two started HAART at the time of study entry. The other 97 patients used one or a combination of nucleoside analogue RT inhibitors or no antiretroviral therapy at all.
Development of HCMV disease. The median follow-up time for the patients was 15.2 months (interquartile range [IQR], 10.1 to 23.8 months). Of the 101 patients, 25 developed HCMV disease during follow-up: retinitis (n ϭ 17), colitis (n ϭ 4), esophagitis (n ϭ 1), cholangitis (n ϭ 1), adrenalitis (n ϭ 1), and radiculomyelitis (n ϭ 1). The median time to the development of HCMV disease was 10.6 months (IQR, 8.8 to 16.0 months). The patients who were HCMV immunoglobulin G antibody negative and the four patients on HAART remained free of HCMV disease during follow-up. Seventy-two patients died after a median follow-up of 12.9 months (IQR, 9.5 to 19.3 months), and four patients were lost to follow-up. Eighteen of these 72 patients had developed HCMV disease and died a median of 4.1 months (IQR, 2.6 to 8.0 months) after the diagnosis of HCMV disease. Since most patients died at home and postmortem examinations were not routinely performed, some patients may have had clinically unrecognized HCMV disease. However, in only one of the five patients who did undergo a postmortem examination and who had not developed HCMV disease during his life, a duodenal ulcer was found, and this was possibly caused by HCMV. This patient also suffered from visceral Kaposi's sarcoma and a nonHodgkin's lymphoma, the combination of which was thought to have been the cause of death.
PPVs, NPVs, and relative risk for the development of HCMV disease over the next 12 months by testing a single sample. Calculations of the predictive value of each assay for the development of HCMV disease over the next 12 months were based on results of a sample taken at the start of the study. Of the 25 patients who developed HCMV disease, 16 developed HCMV disease within 1 year after study entry. As the pp65 antigenemia assay result was quantified as numbers of positive leukocytes per 10 5 leukocytes counted, a cutoff level of 6 positive leukocytes/10 5 leukocytes was determined by using a receiver-operating characteristic curve; a result above the cutoff was given a positive score. The test results for patients who did and who did not develop HCMV disease over the next 12 months are presented in Table 2 .
DNA PCR and culture of urine had the highest sensitivities (87 and 73%, respectively), but the specificities of these tests were low. Blood culture and NASBA for pp67 mRNA were not very sensitive but had higher specificities (91 and 90%, respectively). The sensitivities of the NASBA for IEA mRNA detection (63%), DNA PCR with blood (69%), and DNA PCR with throat swab specimens (67%) were comparable, but the specificity of the DNA PCR with throat swab specimens was lower than the specificity of the NASBA for IEA mRNA detection and DNA PCR with blood. The combined value of sensitivity and specificity favored the pp65 antigenemia assay, with a likelihood ratio of 4.6 (95% CI, 2.1 to 10.9). The PPV for the development of HCMV disease over the next 12 months was low for all assays and did not exceed 50%. The PPV was highest for the pp65 antigenemia assay (47%) and the DNA PCR with blood (35%). The NPV, on the other hand, was fairly high for all tests, ranging from 86% (blood culture) to 95% (DNA PCR with urine). Thus, patients with no detectable HCMV by any test were unlikely to develop HCMV disease in the near future. The NPV of the pp65 antigenemia assay was slightly lower than the NPV of the DNA PCR with blood (90 versus 93%). The combined value of PPV and NPV (relative risk) favored the pp65 antigenemia assay and qualitative DNA PCR with blood (Fig. 1A) .
Repeat testing for prediction of HCMV disease. The median number of follow-up samples per patient-year of follow-up was 6.4 (IQR, 4.9 to 8.0) among patients who developed HCMV disease and 5.9 (IQR, 4.8 to 7.0) among patients who did not develop HCMV disease (P ϭ 0.34 by the Wilcoxon two-sample test).
For many patients who initially had negative test results at the start of the study, HCMV became detectable on at least one occasion during follow-up, regardless of the development of HCMV disease (Table 3) . Although an increase in the sensitivity of each test for the detection of HCMV disease was observed by repeat testing, the specificity of each test decreased. The pp65 antigenemia assay and blood culture had the highest likelihood ratios (2.5 and 2.7, respectively), mainly because these tests were more specific, while they were less sensitive than DNA PCR with blood, NASBA for IEA mRNA detection, and both culture and DNA PCR with urine and throat swab specimens at detecting HCMV disease. During follow-up, a positive result of each test except the DNA PCR with urine was significantly associated with the development of HCMV disease (Fig. 1B) , with culture of urine having the highest relative risk for the development of HCMV disease (12.0; 95% CI, 1.7 to 85.3). However, upon repeat testing the PPV of a positive test result during follow-up for the subsequent development of HCMV disease was still less than 50% for all tests. Test results during follow-up for patients who developed HCMV disease. For 20 of the 25 patients who developed HCMV disease, samples were drawn at the time of diagnosis of HCMV disease. Not all patients who tested positive at least once during follow-up were also positive at the time of diagnosis of HCMV disease. NASBA for detection of IEA mRNA was positive for 16 of 20 patients (80%). DNA PCR with blood was positive for 15 of 20 patients (75%). The pp65 antigenemia assay was positive for 10 of 18 patients (55.6%), while for 2 patients no test results were available due to the availability of an insufficient number of leukocytes after sample preparation. Blood culture was positive for 10 of 19 patients (52.6%); for 1 patient no test result was available. The NASBA assay for detection of pp67 mRNA was positive for 11 of 20 patients (55%). The urine culture was positive for 16 of 18 patients (88.9%), and the DNA PCR with urine was positive for 15 of 18 patients (83.3%), while no urine samples were taken from 2 patients. The throat swab culture was positive for 15 of 19 patients (78.9%), and the DNA PCR with throat swab specimens was positive for 17 of 19 patients (89.5%). No throat swab was taken from one patient.
The time between the first positive test result and the development of HCMV disease differed considerably between the assays. At a median of 4.5 months (IQR, 3.2 to 8.5 months), 3.1 months (IQR, 1.9 to 6.6 months), and 4.7 months (IQR, 2.1 to 9.2 months) before the development of HCMV disease, the NASBA for pp67 mRNA detection, blood culture, and pp65 antigenemia assay, respectively, became positive. The other assays became positive much earlier before diagnosis of HCMV disease: NASBA for IEA mRNA detection, 9.2 months (IQR, 4.1 to 11.3 months); DNA PCR with blood, 9.4 months (IQR, 4.6 to 12.8 months); urine culture, 9.2 months (IQR, 3.6 to 18.4 months); DNA PCR with urine, 9.7 months (IQR, 6.7 to 18.4 months); culture of throat swab specimen, 8.8 months (IQR, 4.4 to 13.2 months); and DNA PCR with throat swab specimen, 9.1 months (IQR, 5.5 to 15.0 months).
However, after testing positive before the development of HCMV disease, a considerable number of patients again had negative test results during further follow-up. For the NASBA for IEA mRNA detection this was observed for 10 of 20 patients (50%), for DNA PCR with blood this was observed for 11 of 20 patients (52.4%), for the pp65 antigenemia assay this 
DISCUSSION
In the prospective study described here five different blood tests, including detection of early and late mRNAs by NASBA and two tests with urine and throat swab specimens for the detection of HCMV, were compared to establish the most accurate test for the identification of HIV-infected patients who will go on to develop HCMV disease. So far, other studies that have evaluated a limited number of available tests for the detection of HCMV have shown that, in particular, the pp65 antigenemia assay and DNA PCR with blood or plasma may identify patients who will develop HCMV disease, while culture of blood and urine appeared to be of less value (9, 18, 21, 24, 27, 29) .
For patient management, assays accurate in predicting the development of HCMV disease may contribute to the decision to start prophylactic or preemptive treatment against HCMV in individual patients. We therefore assessed the value of a single test result as well as the results of repeat tests for the identification of patients who will develop HCMV disease. On the basis of a single test result, the pp65 antigenemia assay and DNA PCR with blood were highly associated with the development of HCMV disease within 1 year, whereas the results of a single test by conventional blood culture, a NASBA assay for pp67 mRNA detection, and DNA PCR with throat swab specimens were not. The DNA PCR with blood was more sensitive than the pp65 antigenemia assay, but the pp65 antigenemia assay was more specific and had a higher PPV for the development of HCMV disease. By using the likelihood ratio, the probability of a positive test result while getting the disease can be related to the probability of a positive test result while not getting HCMV disease. The pp65 antigenemia assay had a higher likelihood ratio than the DNA PCR with blood. When multivariate logistic regression analysis was used, including data for all tests with a positive or negative result, the only remaining test with a significant relative risk for the development of HCMV disease was the pp65 antigenemia assay (data not shown).
It has been reported that quantification of the HCMV load may improve the ability to identify patients who will develop HCMV disease (4, 12, 24, 27, 29) . The pp65 antigenemia assay, in contrast to the other tests used in this study, allows an indirect quantification of HCMV load by counting the number of antigen-bearing cells. A threshold level of six antigen-positive cells was used to assign a positive result. This may explain why the antigenemia assay was more predictive of the development of HCMV disease than the DNA PCR. Still, however, it should be stressed that the predictive value of the pp65 antigenemia assay was low, since less than 50% of the patients with a positive test result went on to develop HCMV disease.
The detection of late pp67 mRNA by NASBA in a single sample was not associated with the development of HCMV disease in the near future. Although this test was highly specific, it had a low sensitivity and a low PPV for the development of HCMV disease. This is in contrast to the findings for a group of renal transplant patients, for whom the detection of late mRNA by NASBA was highly predictive and specific for the onset of HCMV disease (3). Gozlan et al. (14) , who earlier described an indirect method for the detection of HCMV late mRNA by RT-PCR, found it to be a highly specific and only a slightly less sensitive marker than the pp65 antigenemia assay and DNA PCR with blood for the diagnosis of HCMV disease in HIV-infected patients. However, no data on its value in predicting HCMV disease are available.
DNA PCR with urine, culture of urine, DNA PCR with throat swab specimens, and culture of throat swab specimens were all highly sensitive tests for the identification of patients who will go on to develop HCMV disease, but their specificities were low. This suggests that many HIV-infected patients with low CD4 lymphocyte counts may at times shed HCMV in urine or the throat without subsequently developing HCMV disease. Repeat testing during follow-up increased the sensitivity of each test for the identification of patients who will develop HCMV disease. However, an increasing number of patients who did not develop HCMV disease also had positive test results during follow-up. Overall, each test (except DNA PCR with urine), when positive at least once during follow-up, was significantly associated with the development of HCMV disease, but again, the PPVs of these tests did not exceed 50%. The observation that for each test approximately 50% of the patients who developed HCMV disease had negative test results after a positive test result further attenuates the relevance of repeat testing.
For most patients, HCMV was already detectable by the different assays months before HCMV disease developed. In addition, some patients had negative test results at the time of diagnosis of HCMV disease after they had been positive on an earlier occasion. This confirms the findings of Shinkai et al. (27) , who demonstrated that peak HCMV DNA levels occurred months before the development of HCMV disease in some patients, while at the time of diagnosis of HCMV disease few or no DNA copies were found. Therefore, one may speculate that viral seeding of an organ takes place months before HCMV disease develops. Ultimately, local host defense mechanisms determine to what extent clinical symptoms develop. Two observations may support this concept. First, it was shown that in 91% of patients with HCMV retinitis, DNA PCR with ocular fluid was positive, while only 44% of these patients had positive results by DNA PCR with blood (10) . Second, patients with HCMV retinitis may develop a transient intraocular inflammation after the institution of combination antiretroviral therapy, possibly reflecting an improved immune response against HCMV (33) . Therefore, the finding of HCMV in other clinical specimens like blood, urine, and throat swabs may not accurately reflect disease progression in an organ where the virus ultimately resides.
HCMV disease is most likely to develop in patients with less than 50 CD4 lymphocytes/mm 3 . This study also included patients with 50 to 100 CD4 lymphocytes/mm 3 . However, a subanalysis that included the test results for only 66 patients with 50 CD4 lymphocytes/mm 3 or less essentially revealed identical sensitivities, specificities, and relative risks for the development of HCMV disease for each assay.
In summary, the results indicate that, if any of the tests are useful, the pp65 antigenemia assay and DNA PCR with blood are the most useful tests for the identification of those patients who will develop HCMV disease over time. However, when considering the result of a single test by DNA PCR with blood or the pp65 antigenemia assay, only 60 to 70% of patients with HCMV disease will be accurately identified and less than half of the patients who test positive will actually develop HCMV disease in the near future. Furthermore, many patients with a negative test result will still develop HCMV disease. These results indicate that screening for HCMV in HIV-infected patients by any of the reported qualitative assays is of limited value for the management of HCMV disease.
